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(57) ABSTRACT

In phase locked loop, a phase detector detects a phase differ-
ence between a first clock signal and a second clock signal
and output a first output signal based on the detected differ-
ence. A charge pump generates a control voltage in response
to the first output signal from the phase detector. A voltage-
controlled oscillator generates the second clock signal. A
controller controls the control voltage such that the phase
difference between the first clock signal and the second clock
signal 1s increased 1n response to a burn-in test mode signal.
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PHASE LOCKED LOOPS CAPABLE OF
BURN-IN TESTING WITH INCREASED
LOCKING RANGE AND BURN-IN TESTING
METHOD THEREOFK

PRIORITY STATEMENT

This non-provisional patent application claims priority
under 35 U.S.C. §119 to Korean Patent Application No.

10-2006-0113036, filed on Nov. 15, 2006, in the Korean

Intellectual Property Office (KIPO), the entire contents of
which 1s incorporated herein by reference.

BACKGROUND
Description of the Related Art

Related art semiconductor integrated circuits may operate
in synchronization with a clock signal. The clock signal may
be mput through a signal input pin and distributed to compo-
nents of a device. A clock signal applied to a component
turther away from the signal input pin may be delayed relative
to a clock signal applied to a component closer to the signal
input pin, which may cause difficulty 1n synchronizing opera-
tions of components in the device. In the related art, a delay
locked loop or a phase locked loop may be used to synchro-
nize clock signals applied to the components of the device.

As related art semiconductor integrated circuits become
increasingly integrated, generation rates ol defective ele-
ments such as transistors may increase, which may decrease
yield and/or reliability of related art semiconductor integrated
circuits. Related art methods of detecting and repairing defec-
tive chips such as a burn-in test may be used to improve yield
and/or reliability.

In a related art burn-1in test, a relatively high voltage corre-
sponding to a specified (e.g., maximum) chip operating volt-
age 15 applied to the chip at a relatively high temperature for
a relatively long time. In doing so, the burn-in test may detect
a defective chip.

During the related art burn-in test, internal circuits, such as
a phase locked loop, of a semiconductor integrated circuit
may operate. For example, the phase locked loop may operate
at a relatively high frequency 1n a normal active operation.
However, the clock frequency (e.g., the maximum clock fre-
quency) provided by a related art burn-in test apparatus may
be lower than the operating frequency of the phase locked
loop, and thus, the phase locked loop may not operate nor-
mally during testing. As a result, a burn-in test of the phase
locked loop may not be performed properly. While a rela-
tively high-frequency related art burn-in test apparatus may
properly test the phase locked loop, such a burn-in test appa-
ratus may be relatively expensive.

SUMMARY

Example embodiments relate to semiconductor integrated
circuits, for example, phase locked loops capable of burn-in
testing with increased locking range and/or aggravated stress
and a burn-in testing method thereof.

At least one example embodiment provides a phase locked
loop operating at a relatively high speed during burn-in test-
ing. At least one other example embodiment provides a burn-
in testing method for a phase locked loop.

According to at least one example embodiment, a phase
locked loop may include a phase detector, a charge pump, a
voltage-controlled oscillator and/or a controller. The phase
detector may be configured to detect a phase difference
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between a reference clock signal and an internal clock signal.
The charge pump may be configured to generate a control
voltage 1n response to the output signal of the phase detector.
The voltage-controlled oscillator may be configured to gen-
crate the mternal clock signal. The internal clock signal may
be proportional to the control voltage. The controller may be
coniigured to control the control voltage such that the phase
difference between the reference clock signal and the internal
clock signal 1s increased in response to a burn-in test mode
signal.

According to at least some example embodiments, the
controller may increase the control voltage to a maximum
control voltage associated with a relatively stable operation of
the phase locked loop and aggravate a stress applied to the
phase locked loop such that the reference lock signal may
maintain a phase lag behind the phase of the internal clock
signal. The controller may decrease the control voltage to a
minimum control voltage associated with a relatively stable
operation of the phase locked loop and aggravate a stress
applied to the phase locked loop such that the reference lock
signal may maintain a phase lead relative to the phase of the
internal clock signal.

According to at least one example embodiment, a phase
locked loop may 1nclude a phase detector, a charge pump, a
voltage-controlled oscillator, a level detector, a controller, a
first and second delay, and/or a first and a second multiplexer.
The phase detector may be configured to detect a phase dii-
ference between a first clock signal and a second clock signal.
The charge pump may be configured to generate a control
voltage 1n response to the output signal from the phase detec-
tor. The voltage-controlled oscillator may be configured to
generate an mternal clock signal. The mternal clock signal
may be proportional to the control voltage. The level detector
may be configured to detect the level of the control voltage.
The controller may be configured to generate a first select
signal and a second select signal 1n response to a burn-in test
mode signal and the output signal of the level detector.

According to at least this example embodiment, the first
delay may be configured to delay the internal clock signal by
a first delay time. The second delay may be configured to
delay the internal clock signal by a second delay time. The
first multiplexer may be configured to output one of a refer-
ence clock signal and the output signal of the first delay as the
first clock signal 1n response to the first select signal. The
second multiplexer may be configured to output one of the
internal clock signal and the output signal of the second delay
as the second clock signal 1n response to the second select
signal. The second delay time may be longer than the first
delay time.

According to at least some example embodiments, the
phase difference between the first clock signal and the second
clock signal may be increased to raise the control voltage to a
first threshold voltage. The first threshold voltage may corre-
spond to a maximum control voltage associated with a rela-
tively stable operation of the phase locked loop. A stress
applied to the phase locked loop may be aggravated such that
the first lock signal may maintain a phase lag behind the phase
of the second clock signal.

According to at least some example embodiments, the
phase difference between the first clock signal and the second
clock signal may be increased to decrease the control voltage
to a second threshold voltage. The second threshold voltage
may correspond to a minimum control voltage associated
with a relatively stable operation of the phase locked loop. A
stress applied to the phase locked loop may be aggravated
such that the first lock signal maintains a phase lead relative to
the phase of the second clock signal.
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At least one other example embodiment provides a burn-in
test method for a phase locked loop. According to at least this
example embodiment, a first phase difference between a ret-
erence clock signal and an internal clock signal may be
detected and a control signal may be generated based on the
detected first phase difference. The internal clock signal may
be proportional to the control voltage. The control voltage
may be increased to a maximum control voltage associated
with relatively stable operation of the phase locked loop in
response to a burn-in test mode signal. A second phase dii-
terence between a reference clock signal and an internal clock
signal may be detected and a control signal may be generated
based on the detected second phase difference. The control
voltage may be decreased to a mimimum control voltage asso-
ciated with a relatively stable operation of the phase locked
loop.

According to at least some example embodiments, a stress
applied to the phase locked loop may be aggravated such that
the reference lock signal maintains a phase lag behind the
phase of the internal clock signal. Alternatively, the stress
applied to the phase locked loop may be aggravated such that
the reference lock signal maintains a phase lead relative to the
phase of the internal clock signal. The aggravating of the
stress may be repeated, for example, alternately.

At least one other example embodiment provides a burn-in
test method of a phase locked loop. According to at least this
method, a phase difference between a first clock signal and a
second clock signal may be detected, and a control voltage
may be generated based on the output signal of the phase
detector. An 1nternal clock signal proportional to the control
voltage may be generated and the internal clock signal may be
delayed by a first delay time to generate a first delayed inter-
nal clock signal. The internal clock signal may be delayed by
a second delay time to generate a second delayed internal
clock signal and the level of the control voltage may be
detected. A first select signal and a second select signal may
be generated 1n response to a burn-in test mode signal and the
control voltage. One of a reference clock signal and the first
delayed internal clock signal may be output as the first clock
signal i response to the first select signal, and one of the
internal clock signal and the second delayed internal clock
signal may be output as the second clock signal in response to
the second select signal.

At least one other example embodiment provides a phase
locked loop. In at least this example embodiment, a phase
detector may be configured to detect a phase difference
between a first clock signal and a second clock signal and
output a first output signal based on the detected difference. A
charge pump may be configured to generate a control voltage
in response to the first output signal from the phase detector.
A voltage-controlled oscillator may be configured to generate
the second clock signal. The second clock signal may be
proportional to the control voltage. A controller may be con-
figured to control the control voltage such that the phase
difference between the first clock signal and the second clock
signal increases 1n response to a burn-in test mode signal.

At least one other example embodiment provides a burn-in
test method for a phase locked loop. According to at least this
example embodiment, an internal clock signal proportional to
a control voltage may be generated. The control voltage may
be generated based on a detected phase difference between a
reference clock signal and an internal clock signal, and the
control voltage may be less than a first voltage level. The
control voltage may be increased 1n response to a first burn-in
test mode signal. The generating and increasing may be
repeated until the control voltage 1s equal or substantially
equal to the first voltage level.
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Phase locked loops according to at least some example
embodiments may internally generate clock signals used dur-
ing a burn-in test to reduce chip area overhead. Furthermore,
phase locked loops according to at least some example
embodiments may maintain a lead phase state or a lag phase
state during a burn-in test and/or alternate the lead phase state
and the lag phase state to maximize the locking range and/or
aggravate a stress applied thereto.

BRIEF DESCRIPTION OF THE DRAWINGS

The present mnvention will become more apparent by
describing 1n detail example embodiments thereot with ret-
erence to the attached drawings in which:

FIG. 1 1llustrates a phase locked loop according to an
example embodiment;

FIGS. 2 and 3 are diagrams 1llustrating an example normal
active operation of a phase locked loop according to an
example embodiment;

FIG. 4 1s a circuit diagram of a level detector according to
an example embodiment;

FIG. 5 1s a diagram 1illustrating an example operation of a
level detector according to an example embodiment;

FIGS. 6 and 7 are wavelorm diagrams 1llustrating a burn-in
test operation of a phase locked loop according to an example
embodiment; and

FIG. 8 15 a flow chart 1llustrating a burn-in test method for
a phase locked loop according to an example embodiment.

DETAILED DESCRIPTION OF EXAMPL.
EMBODIMENTS

(Ll

Various example embodiments of the present invention
will now be described more tully with reference to the accom-
panying drawings in which some example embodiments of
the invention are shown. In the drawings, the thicknesses of
layers and regions are exaggerated for clarity.

Detailed illustrative embodiments of the present invention
are disclosed herein. However, specific structural and func-
tional details disclosed herein are merely representative for
purposes of describing example embodiments of the present
invention. This mnvention may, however, may be embodied 1n
many alternate forms and should not be construed as limited
to only the embodiments set forth herein.

Accordingly, while example embodiments of the invention
are capable of various modifications and alternative forms,
embodiments thereol are shown by way of example 1n the
drawings and will herein be described 1n detail. It should be
understood, however, that there 1s no 1intent to limit example
embodiments of the mvention to the particular forms dis-
closed, but on the contrary, example embodiments of the
ivention are to cover all modifications, equivalents, and
alternatives falling within the scope of the mmvention. Like
numbers refer to like elements throughout the description of
the figures.

It will be understood that, although the terms first, second,
ctc. may be used herein to describe various elements, these
clements should not be limited by these terms. These terms
are only used to distinguish one element from another. For
example, a first element could be termed a second element,
and, similarly, a second element could be termed a first ele-
ment, without departing from the scope of example embodi-
ments of the present mvention. As used herein, the term
“and/or” includes any and all combinations of one or more of
the associated listed 1tems.

It will be understood that when an element 1s referred to as
being “connected” or “coupled” to another element, 1t can be
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directly connected or coupled to the other element or inter-
vening elements may be present. In contrast, when an element
1s referred to as being “directly connected” or “directly
coupled” to another element, there are no intervening ele-
ments present. Other words used to describe the relationship
between elements should be interpreted 1n a like fashion (e.g.,
“between” versus “directly between”, “adjacent” versus
“directly adjacent”, etc.).

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not mtended to be
limiting of example embodiments of the imvention. As used

herein, the singular forms “a”, “an’ and *“the” are intended to

include the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the
terms “‘comprises”, “comprising,’, “includes” and/or
“including”, when used herein, specily the presence of stated
features, integers, steps, operations, elements, and/or compo-
nents, but do not preclude the presence or addition of one or
more other features, integers, steps, operations, elements,
components, and/or groups thereof.

It should also be noted that in some alternative implemen-
tations, the functions/acts noted may occur out of the order
noted 1n the figures. For example, two figures shown 1n suc-
cession may 1n fact be executed substantially concurrently or
may sometimes be executed 1n the reverse order, depending
upon the functionality/acts mvolved.

FIG. 1 1llustrates a phase locked loop according to an
example embodiment. Referring to FIG. 1, the phase locked
loop 100 may include a phase detector 110, a charge pump
112, a loop filter 114 and/or a voltage-controlled oscillator
116. The phase detector 110 may detect a difference between
a first clock signal C1 and a second clock signal C2, and
generate an up signal UP or a down signal DOWN based on
the detected difference. The charge pump 112 may generate a
given output voltage Vo 1n response to the up signal UP or the
down signal DOWN. The loop filter 114 may suppress (e.g.,
remove) a noise component from the output voltage Vo of the
charge pump 112 to generate a control voltage Vc. The con-
trol voltage V¢ may be output to the voltage-controlled oscil-
lator 116. The voltage-controlled oscillator 116 may generate
an 1internal clock signal INT_CLK based on the control volt-
age Vc. The internal clock signal INT_CLK may have a
frequency proportional to the control voltage V.

The phase locked loop 100 may further include a level
detector 118 and/or a controller 120. The level detector 118
may be configured to detect the level of the control voltage V¢
and generate output signals O , and O based on the detected
level of the control voltage Vc. The controller 120 may gen-
crate first and second select signals S1 and S2 1n response to
a burn-in test mode signal TM and the output signal from the
level detector 118. A first delay 122 may delay the internal
clock signal INT_CLK by a first delay time to generate a first
delayed internal clock signal, and a second delay 124 may
delay the internal clock signal INT_CLK by a second delay
time to generate a second delayed internal clock signal. The
first delayed internal clock signal may be output to a multi-
plexer 126, and the second delayed internal clock signal may
be output to a multiplexer 128.

The first multiplexer 126 may output one of a reference
clock signal CLK and the first delayed internal clock signal as
a first clock signal C1 1n response to the first select signal S1.
The second multiplexer 128 may output one of the internal
clock signal INT_CLK and the second delayed internal clock
signal from the second delay 124 as a second clock signal C2
in response to the second select signal S2.
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According to at least some example embodiments, the
phase locked loop 100 may operate 1n one of a normal mode
and a burn-1in test mode.

In the normal mode, the controller 120 may generate the
first and second select signals S1 and S2 at a logic low level,
for example, 1n response to deactivation of the burn-in test
mode signal TM. The first multiplexer 126 may output the
reference clock signal CLK (input to a first input terminal
IN1) as the first clock signal C1 1n response to the first select
signal S1 having a logic low level. The second multiplexer
128 may output the internal clock signal INT_CLK (input to
a first input terminal IN1) as the second clock signal C2 1n
response to the second clock signal S2 having a logic low
level.

The phase detector 110 may detect a phase difference
between the reference clock signal CLK and the internal
clock signal INT_CLK and generate the up signal UP or the
down signal DOWN based on the detected difference. The
charge pump 112 and the loop filter 114 may generate the
control voltage Vc inresponse to the up signal UP or the down
signal DOWN. The voltage-controlled oscillator 116 may
generate the internal clock signal INT_CLK based on or 1n
response to the control voltage Vc. A feedback operation of a
loop including the phase detector 110, the charge pump 112,
the loop filter 114 and/or the voltage-controlled oscillator 116
may be repeated until the phase of the internal clock signal
INT_CLK becomes the same or substantially the same as the
phase of the reference clock signal CLK.

According to at least some example embodiments, an 1ni-
tial (e.g., relatively large) phase diflerence between the inter-
nal clock signal INT_CLK and the reference clock signal may
CLK gradually decrease, and the phases of these two clock
signals may become the same or substantially the same as
illustrated 1n FIGS. 2 and 3.

As noted above, the PLL 100 may also operate 1n a burn-in
test mode. In the burn-in test mode, the controller 120 may
generate first and second select signals S1 and S2 at a logic
high level, for example, 1n response to activation of the burn-
in test mode signal TM and the output signals O , and O from
the level detector 118.

Reterring to FIG. 4, the level detector 118 may include a
first comparator 410 and a second comparator 412. The first
comparator 410 may be configured to compare the control
voltage V¢ with a first threshold voltage H,,. The second
comparator 412 may be configured to compare the control
voltage V¢ with a second threshold voltage L. ,. The first and
second threshold voltages H,,, and L., may correspond to
maximum and minimum control voltages V¢ associated with
a relatively stable operation of the phase locked loop 100
illustrated in FIG. 1.

An example operation of the level detector 188 will be
explained 1n more detail with reference to FIGS. 4 and 3.

When the control voltage V¢ 1s lower than the second
threshold voltage L ., the first comparator 410 may generate
output signal O, at a logic high level and the second com-
parator 412 may generate output signal O, at alogic low level.
When the control voltage V¢ 1s lower than the first threshold
voltage H.-, and higher than the second threshold voltage
L., the first comparator 410 may generate output signal O ,
at a logic high level and the second comparator 412 may
generate output signal O, having a logic high level. When the
control voltage Vc 1s higher than the first threshold voltage
H..,, the first comparator 410 may generate output signal O ,
at a logic low level and the second comparator 412 may
generate output signal O at a logic hugh level.

In the burn-in test mode, the control voltage Vc may be
controlled such that the control voltage V¢ corresponds to the
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first threshold voltage H,, or the second threshold voltage
L., to aggravate a stress applied to the phase locked loop 100.
In a first test mode TM1, the control voltage Vc may be
decreased from the first threshold voltage H., to the second
threshold voltage L.,. In a second test mode TM2, the control
voltage V¢ may be increased from the second threshold volt-
age L, to the first threshold voltage H.,.

In the first test mode TM1, the controller 120 may generate
the first select signal S1 at a logic hugh level and the second
select signal S2 at a logic high level. The first multiplexer 126
may output the first delayed internal clock signal from the first
delay 122 as the first clock signal C1 1n response to the first

select signal S1. The second multiplexer 128 may output the
second delayed internal clock signal from the second delay
124 as the second clock signal C2 in response to the second
select signal S2.

Accordingly, the first clock signal C1 having a phase lead-
ing that of the second clock signal C2 by a delay difference D2
between the first and second delays 122 and 124 may be input
to the phase detector 110. In this example, the phase detector
110 may generate the down signal DOWN, and the charge
pump 112 and the loop filter 114 may reduce the control
voltage V¢ to the second threshold voltage L, in response to
the recerved down signal DOWN. For example, the first test
mode TM1 may aggravate a stress applied to the phase locked
loop such that the first clock signal C1 mput to the phase
detector 110 may maintain a phase leading the phase of the

second clock signal C2 by the delay difference D2 between
the first and second delays 122 and 124.

Referring back to FIG. §, 1in the second test mode TM2, the
controller 120 may generate the first select signal S1 at a logic
high level and the second select signal S2 at a logic low level.
The first multiplexer 126 may output the first delayed internal
clock signal as the first clock signal C1 1n response to the first
select signal S1. The second multiplexer 128 may output the
internal clock signal INT_CLK as the second clock signal C2
in response to the second select signal S2.

In this example, the first clock signal C1 having a phase
lagging behind the phase of the second clock signal C2 by a
delay time D1 of the first delay 122 may be input to the phase
detector 110. The phase detector 110 may generate the up
signal UP, and the charge pump 112 and the loop filter 114
may increase the control voltage Vc to the first threshold
voltage H., 1n response to the up signal UP. In this example,
the second test mode TM2 may aggravate a stress applied to
the phase locked loop such that the first clock signal C1 input
to the phase detector 110 may maintain a phase lagging
behind the phase of the second clock signal C2 by the delay
time D1 of the first delay 122.

In the first and second test modes TM1 and TM2, the first

and second clock signals C1 and C2 may be derived from the
internal clock signal INT_CLK. For example, clock signals
used for the burn-in test may be internally generated in the
phase locked loop, and the phase locked loop need not include
an additional circuit, thereby reducing overhead of chip area.

FIG. 8 1illustrates a burn-in test method according to an
example embodiment.

Referring to FIG. 8, a phase locked loop (e.g., the phase
locked loop 100 illustrated 1n FIG. 1) may be tested in a {irst
testmode at S810. Testing in the first test mode at S810 maybe
repeated until the control voltage V¢ 1s the same or substan-
tially the same as the second threshold voltage L. For
example, the phase locked loop 100 may be tested 1n the first
test mode at S810, and the control voltage Vc may be com-
pared to the second threshold voltage L, at S820. If the
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control voltage V¢ 1s not equal or substantially equal to the
second threshold voltage L., the process may return to S810
and repeat.

If the control voltage Vc 1s the same or substantially the
same as the second threshold voltage L., at S820, the phase
locked loop 100 may be tested in the second test mode at
S830.

The testing i1n the second test mode at S830 may be
repeated until the control voltage V¢ reaches the first thresh-
old voltage H -,1n the operation S840. For example, the phase
locked loop 100 may be tested in the second test mode at
S830, and the control voltage V¢ may be compared to the first
threshold voltage H ., at S840. If the control voltage Vc 1s not
equal or substantially equal to the first threshold voltage H.,,
the process may return to S830 and repeat.

When the control voltage V¢ becomes the same or substan-
tially the same as the first threshold voltage H,,,, the phase
locked loop 100 may be tested in the first test mode until the
burn-in test 1s completed at S850. For example, at S850, 11 the
burn-in test 1s not completed, the process may return to S810
and repeat. Returning to S850, 11 the burn-in test 1s completed,
the process may terminate.

Example embodiments may maintain a lead phase state or
a lag phase state of the phase locked loop during a burn-1n test
and/or alternate the lead phase state and the lag phase state to
increase (e.g., maximize) the locking range of the phase
locked loop. Consequently, a stress applied to the phase
locked loop may be aggravated.

While example embodiments have been particularly
shown and described with reference to the example embodi-
ments shown 1n the figures, 1t will be understood by those of
ordinary skill in the art that various changes 1n form and
details may be made therein without departing from the spirit
and scope of the present invention as defined by the following
claims.

What 1s claimed 1s:

1. A phase locked loop comprising:

a phase detector configured to detect a phase difference
between a first clock signal and a second clock signal
and output a first output signal based on the detected
difference, the second clock signal being based on a
third clock signal;

a charge pump configured to generate a control voltage
based on the first output signal;

a voltage-controlled oscillator configured to generate the
third clock signal, the third clock signal being propor-
tional to the control voltage; and

a controller configured to control the control voltage such
that the phase difference between the first clock signal
and the second clock signal increases in response to a
burn-in test mode signal.

2. The phase locked loop of claim 1, wherein the controller
increases the control voltage to a maximum control voltage
associated with a stable operation of the phase locked loop.

3. The phase locked loop of claim 2, wherein the controller
aggravates a stress applied to the phase locked loop such that
the first clock signal maintains a phase lag behind the phase of
the second clock signal.

4. The phase locked loop of claim 1, wherein the controller
decreases the control voltage to a minimum control voltage
associated with a stable operation of the phase locked loop.

5. The phase locked loop of claim 4, wherein the controller
aggravates a stress applied to the phase locked loop such that
the first clock signal maintains a phase lead the phase of the
second clock signal.
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6. The phase locked loop of claim 1, further including,

a level detector configured to detect the level of the control
voltage and output a second output signal based on the
detected level,

the controller configured to generate a first select signal
and a second select signal 1n response to a burn-in test
mode signal and the second output signal,

a first delay circuit configured to delay the third clock
signal by a first delay time to generate a first delayed
clock signal,

a second delay circuit configured to delay the third clock
signal by a second delay time to generate a second
delayed clock signal,

a first multiplexer configured to output one of a reference
clock signal and the first delayed clock signal as the first
clock signal 1n response to the first select signal, and

a second multiplexer configured to output one of the third
clock signal and the second delayed clock signal as the
second clock signal 1n response to the second select
signal.

7. The phase locked loop of claim 6, wherein the second

delay time 1s longer than the first delay time.

8. The phase locked loop of claim 6, wherein the phase
difference between the first clock signal and the second clock
signal 1s increased to raise the control voltage to a first thresh-
old voltage.

9. The phase locked loop of claim 8, wherein the first
threshold voltage corresponds to a maximum control voltage
associated with a stable operation of the phase locked loop.

10. The phase locked loop of claim 9, wherein a stress
applied to the phase locked loop 1s aggravated such that the
first clock signal maintains a phase lag behind the phase of the
second clock signal.

11. The phase locked loop of claim 6, wherein the phase
difference between the first clock signal and the second clock
signal 1s increased to decrease the control voltage to a second
threshold voltage.

12. The phase locked loop of claim 11, wherein the second
threshold voltage corresponds to a minimum control voltage
associated with a stable operation of the phase locked loop.

13. The phase locked loop of claam 12, wherein a stress
applied to the phase locked loop 1s aggravated such that the
first clock signal maintains a phase lead relative to the phase
of the second clock signal.

14. A burn-in test method of a phase locked loop, the
method comprising:

detecting a phase difference between a first clock signal
and a second clock signal and outputting a first output
signal based on the detected difference, the second clock
signal being based on a third clock signal;

first generating a control voltage based on the first output
signal;

second generating the third clock signal based on the con-
trol voltage, the third clock signal being proportional to
the control voltage; and

controlling the control voltage such that the phase ditter-
ence between the first clock signal and the second clock
signal varies 1n response to a burn-in test mode signal.
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15. The method of claim 14, further including,

repeating the detecting, first generating, second generating
and controlling until the control voltage 1s equal to a
threshold voltage.

16. The method of claim 15, wherein the threshold voltage
1s a maximum voltage level.

17. The burn-in test method of claim 15, wherein first
repeating aggravates a stress applied to the phase locked loop
such that the first clock signal maintains a phase lag behind
the phase of the second clock signal.

18. The method of claim 15, wherein the threshold voltage
1s a mimmimum voltage level.

19. The burn-in test method of claim 15, wherein the
repeating aggravates a stress applied to the phase locked loop
such that the first clock signal maintains a phase lead the
phase of the second clock signal.

20. The burn-in test method claim 14, further including,

delaying the third clock signal by a first delay time to

generate a first delayed internal clock signal,

delaying the third clock signal by a second delay time to

generate a second delayed internal clock signal,
detecting a level of the control voltage,

generating a first select signal and a second select signal 1n

response to the first burn-in test mode signal and the
control voltage,

outputting one of a reference clock signal and the first

delayed internal clock signal as the first clock signal 1n
response to the first select signal; and

outputting one of the third clock signal and the second

delayed internal clock signal as the second clock signal
in response to the second select signal.

21. The burn-in test method of claim 20, wherein the sec-
ond delay time 1s longer than the first delay time.

22. The burn-in test method of claim 20, wherein the phase
difference between the first clock signal and the second clock
signal 1s increased to raise the control voltage to a first thresh-
old voltage.

23. The burn-in test method of claim 22, wherein the first
threshold voltage corresponds to a maximum control voltage
associated with a stable operation of the phase locked loop.

24. The burn-in test method of claim 23, wherein a stress
applied to the phase locked loop 1s aggravated such that the
first lock signal maintains a phase lag behind the phase of the
second clock signal.

25. The burn-in test method of claim 20, wherein the phase
difference between the first clock signal and the second clock
signal 1s increased to decrease the control voltage to a second
threshold voltage.

26. The burn-in test method of claim 25, wherein the sec-
ond threshold voltage corresponds to a mimimum control
voltage associated with a stable operation of the phase locked
loop.

27. The burn-in test method of claim 26, wherein a stress
applied to the phase locked loop 1s aggravated such that the
first lock signal maintains a phase lead relative to a phase of
the second clock signal.
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